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One application for fiber optic sensors is for measuring CO2 in seawa-
ter. Sensors are being developed with solution-filled tips behind a mem-
brane permeable to CO2. Recent collaborative work has resulted in a CO2
sensor with resolution equivalent to 7 |-iatm pCO2 (Goyet et al., 1992). For
CO2 sensors, reversible indicators are used. In systems where irreversible
chemistry may be useful, reagent delivery systems may be employed to
replenish reagents continuously (Luo and Walt, 1989).

Sampling with fiber optic sensors can be continuous if needed; other-
wise they can be operated discontinuously, with a lower duty cycle. These
sensors could be used for laboratory-based or in situ applications. The cost
of instrumentation for fiber optic systems should be $25,000 to $50,000.
Sensors would need to be replaced periodically (several weeks to many
months), depending upon their design. Sensors using fiber optic probes will
be available within 5 years for some applications and within 10 years for
some others. Sensors for pH, CO2, and O2 are in development now; new
sensors should be capable of measuring from high concentrations down to 1
part per million for ions and organic materials. Basic research is still
required for specific applications.

Refractive Index (Eisenberg, 1965; Yeung, 1986)

Salinity measurements are most often used in oceanography to deter-
mine seawater density. The conventional measure used by oceanographers
for determining salinity is conductivity. This is feasible because the salt
content of seawater is well defined, as is the temperature-related compress-
ibility. As an alternative, the refractive index of water is a good descriptor
of density when temperature is known or can be measured. Refractive
index provides a high-precision method for determining the density of pure
water. As various salts are added, the refractive index is a less exact predic-
tor of density, although relative measurements can still be useful.

Commercial refractive index instruments are available, with a light beam
and two photodiodes. If there is no difference in refractive index, and thus
density, between sample and reference cells (such as a quartz crystal), light
hits both photodiodes equally. If the reference cell and sample cell differ in
density, diffraction pushes the beam to one side. This device does not
depend on the absolute intensity of the light beam. The response time is on
the order of 0.1 second. The precision of the bench top model is to the sixth
or seventh decimal place. The position sensor has a high dynamic range,
and the device has no moving parts. This technology is ready for evalua-
tion for oceanographic measurements with very little additional develop-
mental work. A coil of optical fiber with a refractive index close to that of
seawater, combining clad and unclad fibers, could possibly provide a more
sensitive device, although intensity depends on fiber coil geometry. Cali-
bration will be difficult for these sensors. The effect of biofouling could be